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(54) Method and device for transmission of a video

(67)  Embodiments relate to a method for transmis-
sion of a video (V) from a source device (2) to a destina-
tion device (3), executed by the source device (2), com-
prising encoding a current portion (Pc) of the video (V) by:
- receiving (S2), from the destination device (3), predic-
tion data (PredD),

- determining (S3) areconstruction (RecPc) of the current
portion (Pc) in function of the received prediction data,
- determining (54) residual data (Res) in function of the
current portion and said reconstruction, and

- sending (S5), to the destination device (3), said residual
data (Res).
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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates to the field of tel-
ecommunications. In particular, the present invention re-
lates to methods and devices for encoding, decoding and
transmission of a video.

BACKGROUND

[0002] MPEG-family encoders predict a new frame
from the old by block matching. The encoder determines
motion vectors which pair the macroblocks of the new
frame with the best matching macroblock (in its local
neighborhood) of the previous frame. Block matching re-
quires a search matching a macroblock against many
equally sized macroblocks, a computationally expensive
task. Furthermore, transmission of the motion vectors
from the encoder to the decoder requires bandwidth.
[0003] A solution exists that eliminates having to send
the motion vectors from the encoder to the decoder. The
idea is to do the same block matching technique at the
decoder side. Since the decoder cannot rely on the new
frame to match against, the template matching method
proposes not to match the macroblock itself, but rather
a neighboring window of already matched and decoded
pixels in the video stream.

SUMMARY

[0004] It is thus an object of embodiments of the
present invention to propose methods and devices for
encoding, decoding and transmission of a video, which
do not show the inherent shortcomings of the prior art.
[0005] Accordingly, embodiments relate to a method
for transmission of a video from a source device to a
destination device, executed by the source device, com-
prising encoding a current portion of the video by:

- receiving, from the destination device, prediction da-
ta,

- determining a reconstruction of the current portion
in function of the received prediction data,

- determining residual data in function of the current
portion and said reconstruction, and

- sending, to the destination device, said residual data.

[0006] Correspondingly, embodiments relate to
source device for transmission of a video from the source
device to a destination device, by encoding a current por-
tion of the video, comprising:

- means for receiving, from the destination device,
prediction data,

- a reconstruction module for determining a recon-
struction of the current portion in function of the re-
ceived prediction data,
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- acomparison module for determining residual data
in function of the current portion and said reconstruc-
tion, and

- means for sending, to the destination device, said
residual data.

[0007] In some embodiments, the current portion is a
macroblock of a current frame encoded in function of a
previous frame or a working state of the previous frame,
and the prediction data comprise a motion vector (MV)
specifying a macroblock of the previous frame associated
with said macroblock of the current frame.

[0008] In some embodiments, the current portion is a
group of macroblocks of a current frame encoded in func-
tion of a previous frame or a working state of the previous
frame, and the prediction data comprise motion vectors
specifying respective macroblocks of the previous frame
associated with said macroblocks of the current frame.
[0009] In some embodiments, the current portion is a
current frame and said reconstruction is a reconstruction
of the current frame at a first resolution, the method com-
prising:

- receiving, from the destination device, additional
prediction data,

- determining another reconstruction of the current
frame at a second resolution higher than the first
resolution, in function of the received additional pre-
diction data,

- determining additional residual data in function of
the current frame and said another reconstruction,
and

- sending, to the destination device, said additional
residual data.

[0010] In some embodiments, the current portion is a
group of frames, and the prediction data comprises mo-
tion vectors for one frame of said group of frame deter-
mined in function of other frames of said group of frames.
[0011] The prediction data may comprise a flow map
or an intra-coded prediction of the current frame.
[0012] Otherembodimentsrelatetoamethod fortrans-
mission of a video from a source device to a destination
device, executed by the destination device, comprising
decoding a current portion of the video by:

- determining prediction data in function of a working
state associated with the current portion,

- sending the prediction data to the source device, and
then

- receiving, from the source device, residual data,

- determining an updated working state associated
with the current portion in function of the received
residual data.

[0013] Correspondingly, embodiments relate to a des-
tination device for transmission of a video from a source
device to the destination device, by decoding a current
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portion of the video, comprising:

- a prediction module for determining prediction data
in function of a working state associated with the
current portion,

- means for sending the prediction data to the source
device, and then receiving, from the source device,
residual data,

- anupdate module for determining an updated work-
ing state associated with the current portion in func-
tion of the received residual data.

[0014] In some embodiments, the current portion is
macroblock of a current frame and the working state as-
sociated with the current portion comprises decoded
macroblocks and not yet decoded macroblocks of the
current frame, and determining prediction data compris-
es determining one motion vector specifying a macrob-
lock of a previous frame associated with the macroblock
of the current frame, by matching a template of decoded
macroblocks of the working state located next to the not
yet decoded macroblock with the previous frame or a
corresponding working state of the previous frame.
[0015] In some embodiments, the current portion is a
group of macroblocks of a current frame and the working
state associated with the current portion comprises de-
coded macroblocks and not yet decoded macroblocks of
the current frame, and determining prediction data com-
prises determining motion vectors specifying respective
macroblocks of a previous frame associated with the
macroblocks of the current frame, by matching templates
of decoded macroblocks of the working state located next
to the not yet decoded macroblocks with the previous
frame or a corresponding working state of the previous
frame.

[0016] In some embodiments, the current portion is a
current frame and the working state of the current frame
comprises a decoded version of the current frame in a
first resolution and a not yet decoded version of the cur-
rent frame in a second resolution higher than the first
resolution,

determining prediction data comprising determining mo-
tion vectors in function of the version of the current frame
in the first resolution and a version of the previous frame
in the first resolution.

[0017] In some embodiments, the current portion is a
current frame and the working state of the current frame
comprises a decoded version of the current frame in a
first resolution and a not yet decoded version of the cur-
rent frame in a second resolution higher than the first
resolution,

wherein determining prediction data comprises:

- determining a prediction version of the current frame
in the second resolution in function of the version of
the current frame in the first resolution, and

- determining a motion vectors in function of prediction
version of the current frame in the second resolution
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and a version of the previous frame in the second
resolution.

[0018] In some embodiments, the current portion is a
group of frames, and the method comprises determining
motion vectors for one frame of the group of frame,
wherein the prediction data comprises the motion vectors
for said one frame or motion vectors for another frame
of the group of frames determined in function of the mo-
tion vectors for said one frame.

[0019] In some embodiments, determining prediction
data comprises:

- determining a predicted state of at least one object
included in the current portion in function of a state
model and a previous state,

- determining a prediction of the current portion or a
flow map in function of the predicted state and an
appearance model of the object.

[0020] Embodiments also relate to a computer pro-
gram comprising instructions for performing one of the
methods mentioned before when said instructions are
executed by a computer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The above and other objects and features of
the invention will become more apparent and the inven-
tion itself will be best understood by referring to the fol-
lowing description of embodiments taken in conjunction
with the accompanying drawings wherein:

Figure 1 is a block diagram of a system for transmis-
sion of a video,

Figure 2 is a flowchart of methods for transmission
of a video in the system of Figure 1,

Figures 3 to 7 show working states used in the sys-
tem of Figure 1, according to various embodiments,
and

Figure 8 is a structural view of a communication de-
vice of the system of Figure 1.

DESCRIPTION OF EMBODIMENTS

[0022] Figure 1 shows a system 1 for transmission of
a video. The system 1 comprises a source device 2 and
a destination device 3 connected by a network 4.
[0023] The source device 2 encodes an input video V
and transmits the encoded video to the destination device
3. The input video V is for example a video captured by
a camera included or connected to the source device 2.
The source device 2 encodes the input video V by en-
coding successive portions of the input video V. A portion
may be for example a frame, an area of a frame such as
a macroblock, a group of frames, an object present in
successive frames of the video...

[0024] The destination device 3 receives the encoded
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portions of the video from the source device 2, and de-
codes the received portions. The destination device 3
may be a final destination where the decoded video is
displayed, or an intermediary node between the source
device 2 and another device (not shown). The destination
device 3 may store the decoded video, encoded itin an-
other format, transmit it to another device...

[0025] The network 4 allows bidirectional communica-
tion between the source device 2 and the destination
device 3. As will be described in more details hereafter,
the source device 2 uses data received from the desti-
nation device 3 for encoding the input video V.

[0026] The source device 2 comprises areconstruction
module 21 and a comparison module 22. In some em-
bodiments, the source device 2 also comprises an update
module 23 and a delay module 24. The destination device
3 comprises an update module 31, a prediction module
32, a reconstruction module 34 and a delay module 33.
[0027] The functioning of the source device 2 and the
destination device 3 is shown on Figure 2, which is a
flowchart of methods executed respectively by the source
device 2 and the destination device 3 for transmission of
the input video V. More specifically, the steps S1 to S5
relate to the method for transmission of a video executed
by the source device 2, and steps T1 to T6 relate to the
method for transmission of a video executed by the des-
tination device 3. The flowchart of Figure 2 illustrate the
encoding, transmission and decoding of a current portion
Pc. Successive current portions Pc of the video V may
be encoded, transmitted and decoded in a similar man-
ner.

[0028] Initially, the source device 2 sends a bootstrap
B to the destination device 3 (steps S1 and T1). The
bootstrap B includes intra-coded data of the current por-
tion Pc of the input video V. Examples of bootstrap B will
be described in more details hereafter.

[0029] The destination device 3 initializes a working
state W associated with the current portion Pc in function
of the bootstrap B (step T2).

[0030] Then, the prediction module 32 of the destina-
tion device 3 determines prediction data PredD in func-
tion of the working state W (step T3). The prediction data
PredD comprises data useful for determining a recon-
struction of the current portion Pc. In the examples de-
scribed in details hereafter, the prediction data PredD
includes one or more motion vector(s), an intra-coded
frame or a flow map. The determined prediction data
PredD is sent to the source device 2 (step T4).

[0031] In response to receiving the prediction data
PredD from the destination device 3 (step S2), the re-
construction module 21 of the source device 2 deter-
mines a reconstruction RecPc of the current portion Pc
in function of the prediction data PredD (step S3).
[0032] Then, the comparison module 22 of the source
device 2 determines residual data Res in function of the
current portion Pc and the reconstruction RecPc (step
S4). The residual data Res is representative of a differ-
ence, or prediction error, between the current portion Pc
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and the reconstruction RecPc. The determined residual
data Res is sent to the destination device (Step S5).
[0033] In response to receiving the residual data Res
from the source device 2 (step T5), the update module
31 of the destination device 3 updates the working state
W associated with the current portion Pc (step T6), in
function of the received residual data Res and a recon-
struction RecPc of the current portion. The reconstruction
RecPc has been determined by the reconstruction mod-
ule 34 infunction of the prediction data PredD determined
at step T3.

[0034] Accordingly, steps T3, T4, S2-S5, T5 and T6
allow updating the working state W of the current portion
Pc.

[0035] In some embodiments, the updated working
state W comprises the decoded current portion Pc after
one execution of steps T3, T4, S2-S5, T5 and T6. In other
embodiments, these steps are repeated in loop for refin-
ing the working state W, for example until the working
state W has been updated to comprise the decoded cur-
rent portion Pc or until bandwidth is spent. These two
options are shown by the dashed arrow of Figure 2.
[0036] Itshould be noted that the source device 2 does
not need to determine prediction data PredD. According-
ly, computational complexity and power consumption at
the source device 2 is limited. Also, the source device 2
does not need to send prediction data PredD to the des-
tination device 3. Accordingly, outgoing bandwidth con-
sumption at the source device 2 is limited. This is partic-
ularly usefulin case the source device 2 is amobile device
with limited computational power and/or limited battery
power and/or limited available outgoing bandwidth.
[0037] The current portion Pc may be encoded with or
without reference to one or more other portion(s) Pp, for
example a previous portion.

[0038] In an embodiment wherein the current portion
Pc is encoded with reference to another portion Pp, the
source device 2 may send an intra-coded first portion P1
to the destination device 3, thereby allowing the destina-
tion device 3 to decode the second portion P2 by refer-
encetothe received firstportion P1. Then, the destination
device 3 may decode the successive current portions Pc
by reference to a previously decoded portion.

[0039] More specifically, at step T3, the prediction
module 32 may determine the prediction data PredD in
function of the working state W associated with the cur-
rent portion Pc and of the other portion Pp or a corre-
sponding working state W of the other portion Pp. Also,
at step T6, the reconstruction module 34 may determine
the reconstruction RecPc ofthe current portion Pcinfunc-
tion of the prediction data PredD and of the other portion
Pp or a corresponding working state W of the other por-
tion Pp. Similarly, at step S3, the reconstruction module
21 may determine the reconstruction RecPc of the cur-
rent portion Pc in function of the prediction data PredD
and of the other portion Pp or of a corresponding working
state W of the other portion Pp. At the source device 2,
the working state W of the other portion Pp may be de-
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termined by the update module 23 which reproduces the
processing of the update module 31.

[0040] Hereafter, various embodiments are described
and give more detailed examples of the types of bootstrap
B, the type of prediction module 31, prediction data, and
reconstruction modules 21 and 34.

[0041] As can be seen from the description of Figure
2, the encoding of the input video V by the source device
2 relies on an interaction with the destination device 3.
Accordingly, the system 1 is adapted for streaming trans-
mission of the input video V from the source device 2 to
the destination device 3. However, this does not mean
that streaming is the only application of the system 1.
Indeed, as explained previously, the destination device
3 may store and/or convert the video in another format,
and send it later to another device.

[0042] In a first embodiment, the current portion Pc is
a macroblock of a current frame Fc, encoded with refer-
ence to a previous frame Fp. The frames are divided in
macroblocks arranged in lines and columns. A macrob-
lock is arectangular area of a frame comprising a plurality
of pixels. Successive working states W associated with
respective macroblocks comprise version of the current
frame Fc with additional decoded macroblocks. The pre-
diction module 32 determines a motion vector by tem-
plate matching and sends it to the source device 2. The
reconstruction module 21 determines a reconstruction of
the current portion Pc, namely one macroblock of the
current frame Fc. Figure 3 shows successive working
states W of the current frame Fc, within the destination
device 3, for this first embodiment.

[0043] We assume thatthe destination device 3 knows
the previous frame Fp. For example, the previous frame
Fp is the first frame which has been intra-coded by the
source device 2, or a previously decoded current frame.
[0044] Initially, the destination device 3 receives a
bootstrap B (step T1) which includes intra-coded data for
the first line and the first column of macroblocks of the
current frame Fc.

[0045] Then, the destination device 3 initializes a work-
ing state W, in function of the bootstrap B. The working
state W, includes the decoded first line and first column
of macroblocks. This is shown by grey macroblocks on
Figure 3. The rest of the current frame Fc is not yet de-
coded in the working state W, and this is shown by empty
macroblocks on Figure 3. The working state W/ is asso-
ciated with a non-decoded macroblock 5 having neigh-
boring decoded macroblocks.

[0046] Then, the prediction module 32 of the destina-
tion device 3 determines a motion vector MV associated
with the macroblock 5 which is not yet decoded and lo-
cated next to decoded macroblocks, namely the 2nd mac-
roblock of the second line in this case. For this, the des-
tination device 3 matches a sideway L-shape template 6
of decoded macroblocks located next to the macroblock
5, with the previous frame Fp. In this embodiment, the
motion vector MV corresponds to the prediction data
PredD of step T3 of Figure 2. The destination device 3
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sends the motion vector MV to the source device 2.
[0047] Accordingly, the source device 2 receives the
motion vector MV, which specifies a macroblock of the
previous frame Fp associated with the macroblock 5 of
the current frame Fc. Then, the reconstruction module
21 of the source device 2 determines a reconstruction
RecFc of the macroblock 5 of the current frame Fc in
function of the previous frame Fp and the motion vector
MV (step S3), namely by moving the macroblock of the
previous frame Fp specified by the motion vector MV to
the location of the macroblock 5. Then, the comparison
module 22 of the source device 2 determines residual
data Res associated with the macroblock 5, by compar-
ing the current frame Fc with its reconstruction RecFc
(step S4). Note that in practice, the residual data Res
may be determined by comparing the macroblock 5 of
the current frame Fc with the associated macroblock of
the previous frame Fp specified by the motion vector MV.
[0048] Then,the source device 2 sends the determined
residual data Res to the destination device 3 (step S5).
[0049] When it receives the residual data Res (step
T5), the update module 31 of the destination device 3
decodes the macroblock 5 in function of the received
residual data Res and a reconstruction RecFc of the cur-
rent frame Fc. The reconstruction RecFc had been de-
termined by the reconstruction module 34 in function of
the motion vector MV and the previous frame Fp. Accord-
ingly, the update module 31 updates the working state
W (step T6) of the current frame Fc to a working state
W, including the decoded macroblock 5, now shown in
grey on Figure 3. The working state W, is associated
with a non-decoded macroblock 5’ having neighboring
decoded macroblocks.

[0050] This process is repeated starting from working
state W, for decoding the next not yet decoded macrob-
lock 5, using the corresponding template 6’, and so on
for successive macroblocks of the same line, then for
successive lines of the frame, until all the macroblocks
of the current frame Fc have been decoded. Accordingly,
the current frame Fc has been transmitted from the
source device 2 to the destination device 3, without the
need for the source device 2 to determine motion vectors
nor to transmit motion vectors.

[0051] This process may be repeated for the next cur-
rent frame.
[0052] The embodiment described with reference to

Figure 3 uses a sideway L-shape template 6, a left-to
right and top-to-bottom scanning order of the macrob-
locks and a bootstrap B including the first line and first
column of macroblocks of the current frame Fc. Of
course, other template shapes, scanning orders and
bootstrap may be use as alternative. For example, in an-
other embodiment, the current portion Pcis a line of mac-
roblocks of a current frame Fc. This embodiment use a
bootstrap B comprising intra-coded data for the first line
of macroblocks of the current frame Fc, and an |-shape
template. The prediction module 32 determines motion
vectors for one line of macroblocks by template matching
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and sends them to the source device 2. The reconstruc-
tion module 21 determines a reconstruction of the current
portion, namely one line of macroblocks. Figure 4 shows
successive working states W, within the destination de-
vice 3, for this embodiment.

[0053] Initially, the destination device 3 receives the
bootstrap B (step T1) which includes intra-coded data for
the first line of macroblocks of the current frame Fc.
[0054] Then, the destination device 3 initialize the
working state W, of the current frame Fc in function of
the bootstrap B (T2). The working state W, includes the
decoded first line of macroblocks. This is shown by grey
macroblocks on Figure 4. The rest of the current frame
Fc is not yet decoded in the working state W4, and this
is shown by empty macroblocks on Figure 4. The working
state W, is associated with the second line of macrob-
locks 5a, 5b... of the current frame Fc.

[0055] Then, the destination device 3 determine mo-
tion vector MVa, MVb... associated with the respective
macroblocks 5a, 5b... of the second line of macroblocks.
For this, the destination device 3 matches respective
sideway I|-shape templates 6a, 6b... located above the
macroblocks 5a, 5b... which includes decoded macrob-
locks of the current frame Fc, with the previous frame Fp.
In this embodiment, the motion vectors MVa, MVb... cor-
respond to the prediction data PredD of step T3 of Figure
2. The destination device 3 sends the motion vectors
MVa, MVb... to the source device 2 (Step T4).

[0056] Accordingly, the source device 2 receives the
motion vectors MVa, MVb... which specifies respective
macroblocks of the previous frame Fp associated with
the macroblocks 5a, 5b... of the current frame Fc (Step
S2). Then, the source device 2 determines a reconstruc-
tion RecFc of the current portion Pc (namely a line of
macroblocks), in function of the previous frame Fp and
the motion vectors MVa, MVb... (Step S3). Then, the
source device 2 determinesresidual data Res associated
with the current portion Pc (macroblocks 5a, 5b...) by
comparing the current frame Fc with the reconstruction
RecFc (step S4). Note that in practice, the residual data
Res may be determined by comparing the macroblocks
5a, 5b... of the current frame Fc with the associated mac-
roblocks of the previous frame Fp specified by the motion
vectors MVa, MVb,...

[0057] Then,the sourcedevice 2 sendsthe determined
residual data Res to the destination device 3 (step S5).
[0058] When it receives the residual data Res (step
T5), the destination device 3 decodes the macroblocks
5a, 5b... in function of the received residual data Res,
the motion vectors MVa, MVb... and the previous frame
Fp, and updates the working state W (step T6) of the
current frame Fc to a working state W, including the de-
coded macroblocks 5a, 5b... now shown ingrey on Figure
4. The working state W2 is associated with the third line
of macroblocks 5a’, 5b’...

[0059] This process is repeated starting from working
state W, for decoding the next line of not yet decoded
macroblock 5a’, 5b’ using templates 6a’, 6b’...and so on

15

20

25

30

35

40

45

50

55

for successive lines of the frame, until all the macroblocks
have been decoded.

[0060] This process may be repeated for the next cur-
rent frame.
[0061] In the embodiment of Figure 3, for the respec-

tive macroblocks to be decoded, the destination device
3 sends a motion vector MV to the source device 2 and
waits for the reception of residual data Res from the
source device 2 before decoding the next macroblock.
In other words, there is one synchronization point be-
tween the destination device 3 and the source device 2
for the successive macroblocks to be decoded. This may
be an issue in delay- and error-prone networks. In con-
trast, in the embodiment of Figure 4, the destination de-
vice 3 sends motion vectors MV for a group of more than
one macroblocks (a line of macroblocks in this example)
to the source device 2 and waits the reception of residual
data Res from the source device 2 before decoding the
next group of macroblocks. Accordingly, there isless syn-
chronization points between the destination device 3 and
the source device 2.

[0062] In another embodiment, the current portion Pc
is a current frame Fc, and successive working states W
associated with the current frame Fc include the current
frame at different scales or resolutions, for example oc-
taves. The destination device 3 determines motion vec-
tors at a first scale, using low resolution versions of the
current frame and a corresponding working state of the
previous frame, which include a low resolution version
of the previous frame. The motion vectors are used by
the source device 2 for reconstructing the current frame
at the next scale level and determining the residuals at
the next scale level. Figure 5 shows successive working
states W associated with the current frame Fc in this em-
bodiment. This example use three scale levels: A low
resolution version 7, a medium resolution version 8 and
a full resolution version 9 of the current frame Fc. Other
embodiments could use more scale levels.

[0063] We assume thatthe destination device 3 knows
a working state of the previous frame Fp comprising ver-
sions of the previous frame Fp at low resolution, medium
resolution and full resolution, respectively. This working
state of the previous frame Fp may have been determined
from an intra-coded first frame or when decoding the pre-
vious frame Fp as the current frame.

[0064] Initially, the destination device 3 receives the
bootstrap B (step T1) which includes intra-coded data for
the low resolution version 7 of the current frame Fc.
[0065] Then, the destination device 3 initialize the
working state W, associated with the current frame Fc
in function of the bootstrap B (Step T2). The working state
W, includes the decoded low resolution version 7 of the
current frame Fc, shown in grey on Figure 5. The medium
resolution version 8 and the full resolution version 9 are
notyetdecoded inthe working state W, and this is shown
by empty macroblocks on Figure 5.

[0066] Then, the prediction module 32 of the destina-
tion device 3 determines motion vectors MV associated
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with the respective macroblocks of the low resolution ver-
sion 7 of the current frame Fc (Step T3). For this, the
destination device 3 matches the macroblocks of the low
resolution version 7 of the current frame Fc with the cor-
responding low resolution version of the previous frame
Fp. The destination device 3 sends the motion vectors
MV to the source device 2 (Step T4).

[0067] Accordingly, the source device 2 receives the
motion vectors MV which specifies respective macrob-
locks of the low resolution version 7 of the previous frame
Fp associated with the macroblocks of the low resolution
version 7 of the current frame Fc (Step S2). Then, recon-
struction module 21 of the source device 2 determines a
reconstruction RecFc of the current frame Fc at the me-
dium resolution version 8, in function of the medium res-
olution version of the previous frame Fp and the received
motion vectors MV determined for the low resolution ver-
sion 7 (step S3). Then, the source device 2 determines
residual data Res associated with the macroblocks of the
medium resolution version 8, by comparing the medium
resolution version 8 of the current frame Fc with its re-
construction RecFc (step S4).

[0068] Then,the sourcedevice 2 sendsthe determined
residual data Res to the destination device 3 (step S5).
[0069] When it receives the residual data Res (step
T5), the destination device 3 decodes the macroblocks
of the medium resolution version 8 in function of the re-
ceived residual data Res, the motion vectors MV and the
medium resolution version of the previous frame Fp, and
updates the working state W (step T6) associated with
the current frame Fc to a working state W, including the
decoded medium resolution version 8, now shown in grey
on Figure 5.

[0070] This processisrepeated starting from the work-
ing state W, for decoding the full resolution version 9 (or
more intermediate resolution levels in embodiments us-
ing more scale levels).

[0071] This process may be repeated for the next cur-
rent frame.
[0072] In the embodiment of Figure 5, the destination

device 3 sends motion vectors MV for the macroblocks
of a scale level L-1 to the source device 2 and waits the
reception of residual data Res from the source device 2
before decoding the next scale level L. Accordingly, there
is one synchronization point per scale level. This may
limit the number of synchronization points between the
destination device 3 and the source device 2.

[0073] Inanotherembodiment based on multiple scale
level, the current portion Pc is a current frame Fc, and
the prediction module 32 of the destination device 3 first
determines a predicted version of the frame at a scale
level L in function of the previous scale level L-1, using
upscaling techniques such as super-resolution. Then,
the prediction module 32 determines motion vectors for
the scale level L by matching macroblocks of the predict-
ed version of the frame at a scale level L with the scale
level L of the previous frame. Figure 6 shows a working
state W associated with the current frame Fc in this em-
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bodiment, which comprise a low resolution version 7, a
predicted medium resolution version 8a, a medium res-
olution version 8b and a full resolution version (not
shown) of the current frame Fc.

[0074] Initially, the destination device 3 receives the
bootstrap B (step T1) which includes intra-coded data for
the low resolution version 7 of the current frame Fc.
[0075] Then, the destination device 3 initialize the
working state W of the current frame Fc in function of the
bootstrap B (Step T2). The working state W includes the
decoded low resolution version 7 of the current frame Fc,
shown in grey on Figure 6. The medium resolution ver-
sion 8b and the full resolution version are not yet decoded
in the working state W, and this is shown by empty mac-
roblocks on Figure 6.

[0076] Then, the destination device 3 determines the
predicted medium resolution version 8a of the current
frame Fc in function of the low resolution version 7. The
predicted medium resolution version 8a may be as simple
as an upsampled version of the low resolution version 7,
but also be determined by a more advanced superreso-
lution technique or an extrapolation or interpolation of
already available motion vectors.

[0077] The destination device 3 determines the motion
vectors MV associated with the respective macroblocks
of the medium resolution version 8b of the current frame
Fc by matching the macroblocks of the predicted medium
resolution version 8a of the current frame Fc with a cor-
responding medium resolution version of the previous
frame Fp (Step T3). The destination device 3 sends the
motion vectors MV to the source device 2 (Step T4).
[0078] Accordingly, the source device 2 receives the
motion vectors MV (Step S2), determines residual data
Res associated with the macroblocks of the medium res-
olution version 8b (S3, S4), and sends the determined
residual data Res to the destination device 3 (step S5).
The destination device 3 decodes the macroblocks of the
medium resolution version 8b in function of the received
residual data Res and updates the working state W (Step
S6). This process is repeated for the full resolution ver-
sion.

[0079] In the embodiment of Figure 6, since determin-
ing a predicted version and using it as input to the block
matching algorithm already eliminated a great deal of
redundant information, the residuals, now computed on
the image differences, are expected to be smaller as well,
requiring less bits to be sent by the source device 2.
[0080] Insome embodiments, sending the motion vec-
tor(s) may comprise sending a message comprising data
representative of vector difference(s) between the mo-
tion vectors of neighboring macroblocks. Also, in a multi-
resolutions embodiment such as the embodiment of Fig-
ure 5, sending the motion vector(s) of one layer may com-
prise sending a message comprising data representative
of vector difference(s) with the motion vectors of the low-
er-resolution level. This reduces the bandwidth used for
transmission of the motion vectors.

[0081] Also, sendingresidual data Res may comprises
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transformation and quantization, similarly to transmis-
sion of residuals in encoding technique of the MPEG fam-
ily.

[0082] In another embodiment, the current portion Pc
is a group a frames and refinement is performed in the
temporal direction. From two frames spaced apart in
time, the destination device 3 determines motions vec-
tors. Then, the destination device 3 determines the mo-
tion vectors for an intermediary frame in function of those
motion vectors, for example by linear interpolation. The
interpolated motion vectors are sent to the source device
2 or, alternatively, the motion vectors determined initially
are sent to the source device 2 which performs the same
interpolation. The source device 2 then determines and
sends the residual for the intermediary frame to the des-
tination device 3, which decodes the intermediary frame.
[0083] This process may be iterated starting from the
first of the two initial frames and the intermediary frame,
and from the second of the two initial frames and the
intermediary frame. This is illustrated in Figure 7 for an
example of a current portion Pc which is a group of nine
frames, numbered F1 to F9.

[0084] Initially, the destination device 3 receives a
bootstrap B (step T1) which includes data for frames F1
and F9, for example intra-coded frames. Then, the des-
tination device 3 initialize the working state W associated
the current portion Pc. The working state W comprises
the frames F2 to F8 as not yet decoded frames and the
frames F1 and F9 as a decoded frame. This is shown in
the first part of Figure 7 with frames F1 and F9 in grey,
and empty frame F5. The other frames F2 to F4 and F6
to F8 are not considered initially and appear in dashed
lines.

[0085] Then, the destination device 3 determines mo-
tion vectors MV_5 associated with the macroblock of the
current frame F5. For this, the destination device 3 de-
termines motion vectors MV_9 for the frame F9, by
matching the macroblocks of the frame F9 with the frame
F1. Then, the destination device 3 determines the motion
vectors MV_5 in function of the motion vectors MV_9, for
example by linear interpolation. The destination device
3 sends the motion vectors MV_5 to the source device
2. Alternatively, the destination device 3 sends the motion
vectors MV_9 to the source device 2, which performs the
same interpolation for determining the motion vectors
MV_5.

[0086] Accordingly, the source device 2 obtains the
motion vectors MV_5, which specifies macroblocks of
the frame F1 associated with the macroblocks of the cur-
rent frame F5. Then, the source device 2 determines a
reconstruction RecFc of the frame F5 in function of the
frame F1 and the motion vector MV_5 (step S3). Then,
the source device 2 determines residual data Res for the
frame F5, by comparing the frame F5 with its reconstruc-
tion RecFc (step S4).

[0087] Then,thesourcedevice 2 sendsthe determined
residual data Res to the destination device 3 (step S5).
[0088] When it receives the residual data Res (step
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T5), the destination device 3 decodes the frame F5 in
function of the received residual data Res, the motion
vectors MV_5 and the frame F1. This is shown on the
second line of Figure 6 where frame F5 appears in grey.
[0089] This process is repeated for decoding frame F3
from frames F1 and F5, and for decoding frame F7 from
frames F5 and F9. Then, this process is repeated again
for decoding frame F2 from frames F1 and F3, frame F4
from frames F3 and F5, frame F6 from frames F5 and
F7, and frame F8 from frames F7 and F9.

[0090] Accordingly, the current portion Pc comprising
the frames F1 to F9 is transmitted from the source device
2 to the destination device 3 without the need for the
source device 2 to determine motion vectors by block
matching or to transmit motion vectors. Moreover, syn-
chronization points between the source device 2 and the
destination device 3 are limited to one per frame.
[0091] In some embodiments, the spatial refinement
approach of the embodiment of Figure 7 and the multi-
resolution approach of the embodiments of Figures 5 and
6 are combined, resulting in block matching search in
three dimensions.

[0092] In an embodiment, the prediction module 32 of
the destination device 3 maintains a state transition mod-
el and an appearance model of objects in the scene of
the video.

[0093] The appearance model comprises sampled
renderings of those objects under varying conditions, e.g.
viewpoint changes, illumination changes, face expres-
sions, etc. The appearance model learns a low-dimen-
sional manifold of physically feasible renderings in the
full high-dimensional space of all appearances (i.e. pixel
values). Typically, objects in a video follow a smooth tem-
poral trajectory on this manifold. Such smooth trajectory
may be predicted using simple low-order models and this
prediction can be back-projected into the high-dimen-
sional appearance space. The state transition model
takes the current state, i.e. the belief of where the objects
of the current frame reside on their respective low-dimen-
sional manifolds, and the previous (or even further back
in time) state and follows a dynamical model to progress
to a predicted state for the next frame. Such a dynamical
model may be a simple first order filter, like the Markov-
assumption prediction model often used in Kalman track-
ers. This ensures that the objects follow smooth paths
on their manifold. Building and maintaining the state mod-
el and the appearance model in function of the bootstrap
B and successive decoded video frames is not described
in detail here.

[0094] Inthis embodiment, after aninitial phase where-
in the destination device 3 receives intra-coded frames
and builds the appearance model and state transition
model, the prediction module 32 determines a predicted
state associated with the current frame Fc according to
the state transition model, in function of the current state
and previous state(s).

[0095] Then, the prediction data PredD is determined
according to the appearance model, in function of the
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predicted state. The prediction data PredD may include
a prediction of the current frame Fc, which is then sent
intra-coded to the source device 2. In that case, the re-
construction module 21 of the source device 2 simply
needs to decode the reconstruction RecFc of the current
frame Fc. In another embodiment, since itis often already
a by-product of the appearance model, the prediction da-
ta PredD is determined by interpolating flow maps from
the state difference between previous and predicted
states. Flow maps indicate how the pixels of the previous
frame should be mapped (often called warping or mor-
phing) to approximate the new frame. The reconstruction
module 21 of the source device 2 receives the flow map
and applies it to determine the reconstruction RecFc of
the current frame Fc. Such warping is a simple operation
that doesn’t require many resources. Moreover, since
flow maps are smoother and may be better compressed
than pixel values, this reduces the feedback channel
bandwidth requirements.

[0096] These embodiments show that the use of mo-
tion vector(s) as prediction data PredD is only one option
among others, which notably include intra-coded frames
and flow maps.

[0097] Figure 8is a structural view of acommunication
device, which may be the source device 2 or the desti-
nation device 3. The communication device comprises a
processor 10 and a memory 11. The memory 11 stores
acomputer program P which, when executed by the proc-
essor 10, cause the source device 2, respectively the
destination device 3, to execute one of the methods de-
scribed above with reference to Figures 2.

[0098] It is to be remarked that the functions of the
various elements shown in the figures may be provided
through the use of dedicated hardware as well as hard-
ware capable of executing software in association with
appropriate software. When provided by a processor, the
functions may be provided by a single dedicated proces-
sor, by a single shared processor, or by a plurality of
individual processors, some of which may be shared, for
example in a cloud computing architecture. Moreover,
explicit use of the term "processor" should not be con-
strued to refer exclusively to hardware capable of exe-
cuting software, and may implicitly include, without limi-
tation, digital signal processor (DSP) hardware, network
processor, application specific integrated circuit (ASIC),
field programmable gate array (FPGA), read only mem-
ory (ROM) for storing software, random access memory
(RAM), and non volatile storage. Other hardware, con-
ventional and/or custom, may also be included. Their
function may be carried out through the operation of pro-
gram logic, through dedicated logic, through the interac-
tion of program control and dedicated logic, or even man-
ually, the particular technique being selectable by the
implementer as more specifically understood from the
context.

[0099] It should be further appreciated by those skilled
in the art that any block diagrams herein represent con-
ceptual views of illustrative circuitry embodying the prin-
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ciples of the invention. Similarly, it will be appreciated
that any flow charts represents various processes which
may be substantially represented in computer readable
medium and so executed by a computer or processor,
whether or not such computer or processor is explicitly
shown.

[0100] Embodiments of the method can be performed
by means of dedicated hardware and/of software or any
combination of both.

[0101] While the principles of the invention have been
described above in connection with specific embodi-
ments, it is to be clearly understood that this description
is made only by way of example and not as a limitation
on the scope of the invention, as defined in the appended
claims.

Claims

1. Method for transmission of a video (V) from a source
device (2) to a destination device (3), executed by
the source device (2), comprising encoding a current
portion (Pc) of the video (V) by:

- receiving (S2), from the destination device (3),
prediction data (PredD),

- determining (S3) a reconstruction (RecPc) of
the current portion (Pc) in function of the re-
ceived prediction data,

- determining (S4) residual data (Res) in function
of the current portion and said reconstruction,
and

- sending (S5), to the destination device (3), said
residual data (Res).

2. Method according to claim 1, wherein the current
portion is a macroblock (5) of a current frame encod-
ed in function of a previous frame or a working state
of the previous frame, and the prediction data com-
prise a motion vector (MV) specifying a macroblock
of the previous frame associated with said macrob-
lock (5) of the current frame.

3. Method according to claim 1, wherein the current
portion is a group of macroblocks (5a, 5b) of a current
frame encoded in function of a previous frame or a
working state of the previous frame, and the predic-
tion data comprise motion vectors (MVa, MVb) spec-
ifying respective macroblocks of the previous frame
associated with said macroblocks (5a, 5b) of the cur-
rent frame.

4. Method according to claim 1, wherein the current
portion is a current frame (Fc) and said reconstruc-
tion is a reconstruction of the current frame at a first
resolution, the method comprising:

- receiving (S2), from the destination device (3),
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additional prediction data (PredD),

- determining (S3) another reconstruction
(RecFc) of the current frame at a second reso-
lution higher than the first resolution, in function
of the received additional prediction data,

- determining (S4) additional residual data (Res)
in function of the current frame and said another
reconstruction, and

- sending (S5), to the destination device (3), said
additional residual data (Res).

Method according to claim 1, wherein the current
portion is a group of frames, and the prediction data
comprises motion vectors for one frame of said group
of frame (F5) determined in function of other frames
(F1, F9) of said group of frames.

Method according to claim 1, wherein the prediction
data comprises a flow map or an intra-coded predic-
tion of the current portion.

Source device (2) for transmission of a video (V) from
the source device to a destination device (3), by en-
coding a current portion (Pc) of the video, compris-

ing:

- means (10, 11) for receiving, from the destina-
tion device, prediction data (PredD),

- a reconstruction module (21) for determining
a reconstruction (RecPc) of the current portion
in function of the received prediction data,

- a comparison module (22) for determining re-
sidual data (Res) in function of the current por-
tion and said reconstruction, and

- means (10, 11) for sending, to the destination
device, said residual data.

Method for transmission of a video (V) from a source
device (2) to a destination device (3), executed by
the destination device, comprising decoding a cur-
rent portion (Pc) of the video by:

- determining (T3) prediction data (PredD) in
function of a working state (W) associated with
the current portion,

- sending (T4) the prediction data to the source
device, and then

-receiving (T5), from the source device, residual
data (Res),

- determining (T6) an updated working state as-
sociated with the current portion in function of
the received residual data.

Method according to claim 8, wherein the current
portion is macroblock (5) of a current frame and the
working state associated with the current portion
comprises decoded macroblocks and not yet decod-
ed macroblocks of the current frame, and determin-
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10

10.

1.

12.

13.

ing prediction data comprises determining one mo-
tion vector (MV) specifying a macroblock of a previ-
ous frame associated with the macroblock (5) of the
currentframe, by matching a template (6) of decoded
macroblocks of the working state located next to the
not yet decoded macroblock with the previous frame
or a corresponding working state of the previous
frame.

Method according to claim 8, wherein the current
portion is a group of macroblocks (5a, 5b) of a current
frame and the working state associated with the cur-
rent portion comprises decoded macroblocks and
not yet decoded macroblocks of the current frame,
and determining prediction data comprises deter-
mining motion vectors (MVa, MVb) specifying re-
spective macroblocks of a previous frame associat-
ed with the macroblocks (5a, 5b) of the current frame,
by matching templates (6a, 6b) of decoded macrob-
locks of the working state located next to the not yet
decoded macroblocks with the previous frame or a
corresponding working state of the previous frame.

Method according to claim 8, wherein the current
portion is a current frame (Fc) and the working state
of the current frame comprises a decoded version
of the current frame in a first resolution (7) and a not
yet decoded version of the current frame in a second
resolution (8) higher than the first resolution, deter-
mining prediction data comprising determining mo-
tion vectors in function of the version of the current
frame in the first resolution and a version of the pre-
vious frame in the first resolution.

Method according to claim 8, wherein the current
portion is a current frame (Fc) and the working state
of the current frame comprises a decoded version
of the current frame in a first resolution (7) and a not
yet decoded version of the current frame in a second
resolution (8b) higher than the first resolution,
wherein determining prediction data comprises:

- determining a prediction version of the current
frame in the second resolution (8a) in function
of the version of the current frame in the first
resolution, and

- determining a motion vectors in function of pre-
diction version of the current frame in the second
resolution and a version of the previous frame
in the second resolution.

Method according to claim 8, wherein the current
portion is a group of frames, and the method com-
prises determining motion vectors for one frame (F9)
of the group of frame, wherein the prediction data
comprises the motion vectors for said one frame or
motion vectors for another frame (F5) of the group
of frames determined in function of the motion vec-
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tors for said one frame (F9).

14. Method according to claim 8, wherein determining
prediction data comprises:

- determining a predicted state of at least one
object included in the current portion in function
of a state model and a previous state,

- determining a prediction of the current portion
or a flow map in function of the predicted state
and an appearance model of the object.

15. Destination device (3) for transmission of a video (V)
from a source device (2) to the destination device,
by decoding a current portion of the video, compris-

ing:

- a prediction module (32) for determining pre-
diction data in function of a working state asso-
ciated with the current portion,

- means for sending the prediction data to the
source device, and then receiving, from the
source device, residual data,

- an update module (31) for determining an up-
dated working state associated with the current
portion in function of the received residual data.
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